Objective: To characterize the clinical and histological profile, as well as treatment patterns, of patients with early-stage, locally advanced (LA), or advanced/metastatic (AM) lung cancer, diagnosed between 2000 and 2014, in Brazil. Methods: This was an analytical cross-sectional epidemiological study employing data obtained for the 2000-2014 period from the hospital cancer registries of two institutions in Brazil: the José Alencar Gomes da Silva National Cancer Institute, in the city of Rio de Janeiro; and the São Paulo Cancer Center Foundation, in the city of São Paulo. Results: We reviewed the data related to 73,167 patients with lung cancer. The proportions of patients with early-stage, LA, and AM lung cancer were 13.3%, 33.2%, and 53.4%, respectively. The patients with early-stage lung cancer were older and were most likely to receive a histological diagnosis of adenocarcinoma; the proportion of patients with early-stage lung cancer remained stable throughout the study period. In those with LA lung cancer, squamous cell carcinoma predominated, and the proportion of patients with LA lung cancer decreased significantly over the period analyzed. Those with AM lung cancer were younger and were most likely to have adenocarcinoma; the proportion of patients with AM lung cancer increased significantly during the study period. Small cell carcinoma accounted for 9.2% of all cases. In our patient sample, the main treatment modality was chemotherapy. Conclusions: It is noteworthy that the frequency of AM lung cancer increased significantly during the study period, whereas that of LA lung cancer decreased significantly and that of early-stage lung cancer remained stable. Cancer treatment patterns, by stage, were in accordance with international guidelines.
INTRODUCTION
Lung cancer (LC) is the most common cancer and the leading cause of cancer death worldwide. In 2012, there were over 1.8 million new cases and 1.6 million deaths worldwide. (1) For 2018, the Instituto Nacional de Câncer José Alencar Gomes da Silva (INCA, José Alencar Gomes da Silva National Cancer Institute) in Brazil estimates the occurrence of 31.270 new cases of trachea, bronchus, and LC: 18,740 in men and 12,530 in women. LC is the second most common cancer type among men and the fourth among women. (2) The cancer staging system known as tumor-nodemetastasis (TNM) determines the extent of disease by assessing the size of the primary tumor (T) and identifying whether there is any lymph node involvement (N) and local or distant metastasis (M). Cancers are usually classified as early-stage disease (stage I and II), locally advanced disease (stage III), and advanced/metastatic disease (stage IV). Staging is an important step in the diagnostic process, being aimed at standardizing the main treatment modalities for each stage, as well as at estimating prognosis and comparing the results of various therapies and therapy combinations and/or various institutions. (3, 4) The high mortality of LC and its low 5-year survival rate are attributable to the high prevalence of locally advanced and advanced/metastatic disease at diagnosis, observed in 70% to 95% of cases. (5, 6) Clinically advanced/ metastatic LC has recently been identified in 54.9% to 57.4% of cases at diagnosis and is on the rise in Brazil. (7, 8) However, the other stages were not adequately assessed in those studies. (7, 8) Knowledge of the distribution of the clinical stages of LC is essential to optimizing smoking cessation programs, as well as cancer screening, diagnosis, and treatment at the national level, whether in the public or private sector. (9) (10) (11) (12) Therefore, using data from hospital cancer registries, the present study aimed to characterize the clinical and histological profile, as well as treatment patterns, of patients with early-stage, locally advanced, or advanced/metastatic LC, diagnosed between 2000 and 2014, in Brazil.
METHODS
This was an analytical cross-sectional epidemiological study employing data on adult patients with LC in Brazil, recorded between 2000 and 2014. Patient data were obtained from the records in the Registro Hospitalar de Câncer (RHC, Hospital Cancer Registry) Integration System of the INCA, located in the city of Rio de Janeiro, Brazil, and from the RHC of the São Paulo Cancer Center Foundation, located in the city of São Paulo, Brazil, which together involve 258 hospitals in 27 Brazilian states and the Federal District of Brasília.
The aforementioned systems were designed to store and consolidate data from all RHC in Brazil and can be consulted on the Internet. We included cases of malignant neoplasm of bronchus and lung, according to the International Statistical Classification of Diseases and Related Health Problems, 10th edition (ICD-10 code C34), (13) with the following morphologies, according to the International Classification of Diseases for Oncology, 3rd edition (14) : adenocarcinoma (codes 8140, 8144, 8211, 8230, 8250, 8251, 8252, 8253, 8254, 8255, 8260, 8265, 8256, 8257, 8310, 8323, 8333, 8480, 8481, and 8551); squamous cell carcinoma (codes 8070, 8071, 8072, 8074, and 8083), small cell carcinoma (codes 8041 and 8045); and non-small cell carcinoma or undifferentiated carcinoma (code 8012). We excluded cases of patients who were under 18 years of age, had in situ carcinoma, or had lung tumors with other morphologies.
The 5th edition of the TNM classification was used in the 2000-2005 period; the 6th edition (13) was used in the 2006-2010 period; and the 7th edition (15) was used in the 2011-2014 period. Patients were categorized into three groups: early-stage group (ESG), patients with early-stage (stage I and II) LC; locally advanced group (LAG), patients with locally advanced (stage III) disease; and advanced/metastatic group (AMG), patients with advanced/metastatic (stage IV) disease. The following variables were categorized and analyzed: age group (18-49, 50-69, or ≥ 70 years); histological type (16) (adenocarcinoma, squamous cell carcinoma, undifferentiated carcinoma, or small cell carcinoma); smoking (never smoker or former smoker/smoker); race (White or Black/Brown); time from diagnosis to treatment initiation (< 60 days or ≥ 60 days); death at the end of the first treatment (yes or no); response to the first treatment (response [complete or partial response/stable disease] or no response [disease progression, recurrence, or death]); and first line of treatment (surgery alone, surgery + radiotherapy, surgery + chemotherapy, surgery + chemotherapy + radiotherapy, chemotherapy + radiotherapy, surgery at some point, radiotherapy at some point, and chemotherapy at some point).
Statistical analysis
Data analysis was performed with the IBM SPSS Statistics software package, version 21.0 (IBM Corporation, Armonk, NY, USA). Measures of central tendency and dispersion were calculated for continuous variables, and frequency distribution was calculated for categorical variables. We used the chi-square test to compare the frequencies of categorical variables, considering valid data. To determine annual variation, we calculated the coefficient of determination. Differences were considered significant if p < 0.05.
The present study was approved by the Research Ethics Committee of the Professor Fernando Figueira Institute of Integrative Medicine (Protocol no. 3681 of 2013).
RESULTS
According to the RHC data, there were 103,658 cases of LC during the study period. A total of 30,491 records (29.4%) were excluded from the analysis because of missing data on TNM stage. Therefore, the study included 73,167 cases of patients diagnosed with LC between 2000 and 2014 in Brazil.
The main sociodemographic, clinical, and disease course characteristics of the cases, by stage, are shown in Table 1 . There were 9,644 patients (13.2%) in the ESG; 24,511 (33.5%) in the LAG; and 39,012 (53.3%) in the AMG.
An analysis of the distribution of all early-stage, locally advanced, and advanced/metastatic LC cases between 2000 and 2014, by year of diagnosis, showed that relative frequency remained stable, trending slightly downward, in the ESG; decreased significantly in the LAG; and increased progressively and significantly in the AMG.
The mean age of the entire study sample was 63.5 ± 10.7 years, and 18% of the patients were never smokers ( Table 1) . There was a progressive increase in mean age at diagnosis in the three groups studied ( Figure 1 ).
Patients with non-small cell carcinoma accounted for 90.8% of the sample, and this proportion trended slightly upward over the years evaluated. Patients with small cell carcinoma accounted for 9.2% of the sample, and their temporal distribution was opposite, trending slightly downward over the same period. Adenocarcinoma was the most common histological type (in 39.8%), followed by squamous cell carcinoma (in 29.0%) and undifferentiated carcinoma (in 22.1%; Table 1 ).
Chemotherapy was the most common treatment modality, in 59.4% of the patients, followed by radiotherapy (in 41.3%) and surgery (in 14.8%). No cancer treatment was administered to 10,766 patients (14.7%; Table 1 ).
In the ESG, the mean age was 64.8 ± 10.8 years, higher than that in the two other groups. Adenocarcinoma was the main histological type (in 42.3%), and the proportion of patients in whom the time from diagnosis to treatment initiation was ≥ 60 days (14.9%) was higher than that in the two other groups. The main treatment modality was surgery alone or in combination with other modalities (in 43.1%), followed by chemotherapy (in 40.5%) and radiotherapy (in 32.2%). No treatment was administered in 10.8% of the cases. Death at the end of the first treatment occurred in 24.3% of the cases in the ESG. As shown by temporal analysis, the number of patients in the ESG remained stable throughout the period analyzed ( Figure 2 ).
The LAG had the highest proportion of smokers (40.9%), and squamous cell carcinoma was the most common histological type at diagnosis; the proportion of patients with locally advanced LC decreased significantly during the study period ( Figure 2 ). The main treatment modality was chemotherapy alone or in combination with other modalities (in 66.6%), followed by radiotherapy (in 48.7%) and surgery (in 16.8%). No treatment was administered in 11.8% of the cases (Table 1 ).
In the AMG, the mean age was lower than that in the two other groups. As shown by temporal analysis, advanced/metastatic LC was the most prevalent stage of LC in our patient sample, and the proportion of patients with advanced/metastatic LC increased significantly over the period analyzed. Adenocarcinoma was the predominant histological type (in 45.3%), and the proportion of patients in whom the time from diagnosis to cancer treatment initiation was ≥ 60 days was lower than that in the two other groups. The main treatment modality was chemotherapy (in 59.7%), followed by radiotherapy (in 38.9%) and surgery (in 12.6%). No treatment was administered to 17.4% of the patients. The AMG had the highest proportion of deaths at the end of the first treatment (47.4%).
The proportion of patients with adenocarcinoma trended upward in the ESG and the AMG, whereas it decreased significantly in the LAG ( Figure 3A) . The proportion of patients with squamous cell carcinoma was highest in the LAG; however, because this proportion decreased in the LAG and increased in the AMG, the latter group surpassed the former in the proportion of such patients as of 2011 ( Figure 3B ). The proportion of patients with small cell carcinoma trended downward in the ESG and the LAG during the study period ( Figure 3C ).
DISCUSSION
The present study, which evaluated 73,167 patients with LC, diagnosed between 2000 and 2014, in Brazil, showed that the prevalence of locally advanced LC decreased significantly during the study period, whereas that of advanced/metastatic LC increased significantly and that of early-stage LC remained stable. It also showed that surgery was the main treatment modality in the ESG, whereas chemotherapy was the main treatment modality in the LAG and the AMG.
Small cell carcinoma was identified in 9.2% of all patients in the present study, a frequency similar to those reported in the literature (10-15%) for the world population, (17) and the frequency of small cell carcinoma trended slightly downward during the study period. This decline in prevalence could be explained by the high correlation between small cell carcinoma and smoking, the prevalence of which is decreasing in Brazil; however, the behavior of this histological subtype was much more stable than that of squamous cell carcinoma, also a subtype frequently related to smoking, (8) in terms of the magnitude of the decrease in prevalence. Adenocarcinoma already is the most prevalent histological subtype in Brazil (8) and many other countries, is less correlated with smoking, and trends toward a global increase in prevalence as compared with the other subtypes. (18) (19) (20) In the present study, the proportional distribution of poor-prognosis stages is alarming but is similar to that found in the United States and the United Kingdom. Analyzing the mean proportions for each year during the study period (2000-2014), we found that early-stage LC, locally advanced LC, and advanced/metastatic LC (22) Further revisions to the TNM staging system (11) and histological classifications (17) and the implementation and greater availability of new technologies for the diagnosis of metastatic lesions, as well as the increase in the number of cancer treatment centers in recent years, are possibly the main factors related to the increased proportion of LC cases diagnosed at an advanced stage in Brazil. The Expand project, developed by the Brazilian National Ministry of Health in conjunction with the INCA, has created 24 new oncology centers since 2000. (23) Positron-emission tomography is a new diagnostic technology that combines nuclear medicine and tomography, being more reliable and precise in staging LC when compared with tomography alone, as well as reducing futile treatments for patients and reducing costs to the health care system. (24) The National Lung Screening Trial (25) established that low-dose chest CT, repeated annually for 3 years when used for the screening of asymptomatic high-risk patients (age > 55 years, smokers with a smoking history > 30 pack-years, and former smokers who have been abstinent for less than 15 years), increases survival in those with positive screening for LC, with a reduction of 20% in LC mortality and of almost 7% in all-cancer mortality. A study of LC screening, conducted in Brazil, (26) evaluated 790 high-risk patients and identified 312 (39.4%) with nodules > 4 mm; those 312 patients were followed by a multidisciplinary team. A total of 10 cases (3.2%) of LC were found, suggesting that low-dose CT can and should be even used in a region with a high incidence of granulomatous diseases. In addition to identifying nodular lesions suspected of being LC, CT offers the benefit of incidental findings of other diseases, such as benign lung diseases (COPD, interstitial diseases, and bronchiectasis) and cardiovascular diseases (based on the degree of coronary artery calcification), at earlier stages; such findings are present in 24% to 64% of cases. (27) However, LC screening is not yet available in Brazil via the Brazilian Unified Health Care System. Brazilian National Ministry of Health Directive no. 600 issued on June 26, 2012, (28) which approved diagnostic and treatment guidelines for LC, does not recommend the routine use of low-dose chest CT for this purpose.
Although Brazil is a worldwide reference in the fight against smoking, centers specializing in smoking cessation have yet to expand their actions. (29) The prevention-related costs of smoking cessation programs are infinitely lower than the exorbitant costs of medical and hospital care for smoking-related diseases. In 2011, a study conducted in Brazil reported that smoking was responsible for 147,072 deaths, 2.69 million years of life lost, 157,126 cases of acute myocardial infarction, 75,663 cases of stroke, and 63,753 cases of cancer. The total cost to the health care system was 23.37 billion Brazilian reals. (30) Combining screening programs with smoking cessation programs appears to be far more effective in reducing costs and mortality from LC and other causes. (25, 31) The training of primary and secondary health care professionals also needs to be optimized so that LC can be diagnosed as early as possible. Lista et al. (32) retrospectively evaluated 372 patients with LC who were treated at a cancer institute in Brazil and found that, in almost 80% of the first treatments, the diagnosis of LC was not considered and that only 6.8% of the patients were diagnosed with the disease less than 30 days after symptom onset. Those authors also reported that, in only 18.5% of the cases, the delayed diagnosis of LC was due to the patient; therefore, in Brazil, the physician/health care system is largely responsible for the delay in diagnosis in patients with LC. (32) In the present study, 10% to 18% of all patients with LC did not receive any cancer treatment, regardless of disease stage. This is probably due to the poor clinical status of patients making them unable to bear the risks of treatment, (33) to patient personal preference not to be treated, or to delayed diagnosis. (32) More than 75% of patients depend exclusively on the Brazilian Unified Health Care System, which, despite being purposed for providing universal care, has numerous problems related to access, (34) delay in histological (32) or molecular (35) diagnosis, treatment availability, and the wide disparity among cancer care centers in terms of the technology available for diagnosis or treatment. (36) This situation in Brazil is similar to that in other Latin American countries, where the provision of care to patients with cancer is also precarious. (37) Age is an independent risk factor for the development of cancer. (38) In the present study, we found that the mean age of the diagnosed patients is increasing, which characterizes an increasingly older population. In addition, almost 35% of patients with early-stage disease, who have the best cure rates, are over 70 years of age. However, this population is often undertreated from an oncologic standpoint, (8, 37) although it may have good results. (39) (40) (41) It can be speculated that, because of their comorbidities, elderly patients seek health care services earlier (29) and can thus be diagnosed at earlier stages of the disease.
Overall, chemotherapy was the main treatment modality in the present study. It is the modality of choice for the systemic treatment of cancer. (33) Radiotherapy and surgery are regional treatment modalities. The latter is the mainstay of the treatment for patients with early stage LC, being used alone or in combination with chemotherapy in order to achieve better survival results. (42) Surgery was performed at some point in only 15% of the cases, but it was the main treatment modality at early stages.
The present study has some limitations, especially because we analyzed retrospective data obtained from RHC. It has problems regarding the level of completeness of the variables analyzed, as well as lacking data on molecular analysis, comorbidities, and objective assessment of patient functional performance. Finally, histological confirmation of cases was not possible, nor was review of stage data. However, the study was based on data from large nationwide databases that have a significant body of information about the epidemiological profile with an emphasis on disease staging and treatment patterns of patients with LC in Brazil, which were the object of this study.
To date, this has been the largest study analyzing TNM staging and treatment patterns of patients with LC in Brazil. The information gathered here may be valuable for understanding the current status of LC in Brazil and, consequently, for planning and implementing public health policies targeting LC patients in the country, such as combining screening programs with smoking cessation programs, training primary and secondary health care professionals to identify populations at increased risk, and identifying radiological lesions suspected of progressing to LC so that patients can be referred earlier to specialized health care facilities for diagnosis and treatment.
The present study showed that the frequency of stage III LC decreased significantly, a decrease characterized in part by a reduction in the frequency of the squamous cell carcinoma histological subtype, whereas the frequency of stage IV LC increased significantly and that of early-stage LC remained stable. In addition, our study showed that cancer treatment patterns, by clinical and/or pathological stage in patients with LC in Brazil, were in accordance with international guidelines.
